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0Described In clinical and experimental reports (1 to 4, 6, 7,

1d and 12) are considerable changes in the function of the respira-

tory apparatus caused by botulism, tetanus and diphtheria. It is

assumed that in such neurotoxic cases the cause of death is a pa-

ralysis of the respiratory center. Yet, it is still not clear, whether

neurotoxins render their paralyzing effect on cells of the respira-

tory centers. Still less explored are the mechanisms and their ef-

fects on conduction paths and on motor neurons of the respiratory

muscleG.

A task of the current research was to investigate pathological

effects of botuline, tetanus and diphtheria toxins on individual

nerve groups of the respiratory apparatus, also on respiratory

centers with descending conduction paths and on spinal motor centers

of respiratory muscles.0



Uxperiments were carried out on cats and dogs poisoned with

botuline toxins type A (1 Dlm for a mouse a 0.00001 mg of dry

toxin), with tetanus (1 Dla - 0.000081 mg) and diphtheria (1 Dlm

for a guinea pig w 0.003 ml). The lgeneralizationo of the neuro-

intoxication in cats was accomplished with the aid of Intravenal

administration of poisons in the following doses: botuline toxin

0.5 to 1.5 ag/kg, tetanus 2 to 3 mg/kg and diphtheria 0.1 ml/kg.2 Local* involvements of a single diaphragm cupula were effected

by way of intramuscular injections of toxins in the following

doses: botuline toxins 0.05 to 0.1 mg/kg, tetanus 0.1 to 0.5

ag/kg and diphtheria 0.001 am/kg. "Local" forms of infections iz

dogs were deveped by administration of poisons into a nerve trunk

-J in the following dosest botuline toxin 0.05 to 0.1 mg/kg and tetanusS0.05 to 0.08 mg/kg.

Sensitive experiments were performed on poisored and not

poisoned animals that were under urethane narcosis (1 gm/kg). The

retpirntorj movements were recorded with the aid of MAIEY'S capsule

connected with a pressure cuff, or with a tracheal tube. Contract-

ions of the diaphragm cupulae were recorded separately by two

isotonic myographa. Respiratory reflexes were induced with the

stimulation of the central end of the vague nerve In the neck as

a result of direct current impulses produced by a generator (length

of impulses C.65 m/sec; frequency 1 to 500 imp/eec). The cross

diaphragmatic phenomenon was rendered according to the method de-

scribed in several reports (11 to 16).

In all, we used in experiments 116 cats and 50 dogs,of which

15 cats and 21 dogs were contro! animals.
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Experimental Resu.ts

In the presence of the spinal cord's hemieoction above the

diaphragmatic nerve nucleusthe contractions of paralyzed diaphragm

cupulas could be restored by way of blocking or cutting the dia-

phragmatic nerve on the opposite side. A similar restoration could

be effected by inclusion of cross links between the intact inspira-

tory reticulo-spinal fibers and the motor nucleus of the diaphrag-

natic nerve at the site of hemisection (11 to 16). This effect,

known as a cross diaphragmatic phenomenon, was used in analysis

of the mechanisms of bacterial neurotoxic effects on individual

links of the neural respiratory apparatus. In the first series of

experiments we Investigated the functional condition of the re-

spiratory center and of the conduction paths at a site of the local

O involvement of the diaphragm by botuiine, tetanus and diphtheria

toxins. Thus, having produced the cross diaphragmatic phenomenon

by way of the spinal cord's hemisectior, at a "healthy" site, we

performed at a neurotomy of the diaphragmatic nerve at the in-

volved site.

In 13 experiments on cats and dogs, performed on the 5th to

21st day following their inoculation with botuline toxin, we de-

termined that 1. the function of the respiratory center and of

the conduction paths did not undergo any changes at the paralyzed

diaphragmatic cupula's site and 2. the cross diaphragmatic phe-

nomenon was noted in all experiments.

The results of other 49 experiments on cats and dogs with a

local Involvement of tetanus in the diaphragm proved that the cross

Odiaphragmatic phenomenon appeared promptly on the 6th or 7th day
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after Inoculation and, as a rule, it faded away much later (:n the

2d or 3d week). Data similar to those above were also obtained

from 29 experiments on cats with a local involvement of diphtheria

in the diaphragm; the cross phenomondgwas also noted within the

first 12 days following the inoculation and it vanished by the 20th

or 22d day.

Thus, the results of experiments with the instances of various

local nerve Intoxications showed that familiar distinctions existed

in the involvement mechanism of the diaphragmatic innervation

apparatus, namely, the pathological process during botulism was

(regardless of the stage of Intoxication) apparently confined to

the motor neurons of the diaphragmatic nerve, whereas a compara-

tively quick disappoarance of %he cross phenomenon during tetanus

and diphtheria indicated that more complicated involvements existed

brer and they prsably included more than one link of the neural 0
apparatus of respiration.

In the second series of experiments we strived to clarify

whether cross connections collaborate between the inspirstory

reStioulo-epLnAl paths and the aotor nuclei of the diaphragmatio

nerve in compensatory processes during respiratory insufficiencies

after grave and generalized forms of botulism, tetanus and diph-

theria had developed.

To recorded a preservation of the cross diaphragmatic phe-

nomenon in all instances during 8 experiments on cats inoculated

with tetanus and In 5 exptiments with diphtheria, even after a

very grave Intoxication had developed. The phenomenon coincided

in its essence with that observed in control animals. In analogous

0
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experiments with botulism, where & usual reproduction techniquo

was applied, the cross diaphragmatic phenomenon was observed only

Figuz. 1 - Absence of diaphragm paralysis at the site of the spinal

cord hemisection in a cat Inoculated with botuline toxin.

Paralytic syndrome is not evident. Contractions of dia-

phragmatic cupulas were recorded up to (A) and after (B)

a section of the spinal cord. Arrow indicates a section

of the right diaphragmatic norvo. Below is the indication

of time (5 seconds).

in the presence of mild indicants of Involvement (light paresis

of skeletal muscles). In the presence of expressed paralytic botu-

line syndrome, the homisection of the spinal ccrd was not accompa-

nied by a usual one-sided paralysis of the diaphragm (figure 1).

The appearanos of the cross diaphragmatic phenomenon in the absence

of thw diaphragmatic nerve section (on the opposite page) undoubted-

ly indicated a considerable activation of the cross links and their

inclusion in the mechanisms that compensate for respiratory in-

sufficienoies, the aftermath of severe botulism.0



The accuracy of such inclusion has been confirmed in experi- C)
eanta with a section of the diaphragmatio nerve at a site opposite

P igure 2 -Absence of diaphragm paralysis at a site of prior heml-

section of the spinal cord in a cat infected with botu-

line toxin. A general paralytic syndrome. A - paralysis

of a diaphragm cupula at the intact site; B - contract-

ions of diaphragm cupula at the site of prior hemi-

section of the spinal cord. Below is the indication of

time (5 seconds).

the hemisection of the spinal cord. Under these conditions, in 7

out of 17 experiments described above, the exhaustiorn of contractile

activity in the functioning part of diaphragm began in 30 to 1 50

seconds after the nerve section, then decompensation in the respi-

ration developed and the animalahad to die unavoidably, unless

they sere administered artificial respiration. A disengagement of

artificial respiration for some time caused a repeated temporary

restoration of the diaphragm contractiona at a site of the heal-

section of the spinal cord. Obtained data suggested that, in the
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case of botulism, the diaphragm paralysis occurred not as a result

of exclusion of the respiratory center activity and that of the

conduction paths, but due to a sharp decrease in the excitability

and in the efficiency of the motor neuZons' nuclei in the dia-

phragmatic nerve.

The last assumption served as a basis for conducting the third

series of experiments. Their purpose was to investigate t,.e function

of the neural respirators apparatus with the background of non-

concurrent inoculation of diaphragmatic nerve nuclei using the toxins

of botulism, tetanus and diphtheria. We proceeded from a standpoint

that,after an inhibition of nerve centers, their involvement b,

bacterial neurotoxins can seldom be retarded (5, 9). A prolonged

inhibition of a single nucleus of diaphragmatic nerve was produced

0by hemisection of the upinal cord at the level of the I cervical

vertebra. Thus, the function of diaphragm was not disturbed in cats

at the intact site, whereas the function at the paralyzed site

could be restored exclusively at the expense of the activation of

cross links. The animals so prepared were inoculated (as in previous

experiments) with fatal doses of botuline, tetanus and diphtheria

toxins. In all, 22 experiments were performed on operated animals

having a generalized botulism, 15 experiments with tetanus and 11

experiments with diphtheria.

The results of experiments proved that during a grave stage

of tetanus and diphtheria intoxications cats died within the same

time periods as control animals and manifested no restorations of

the diaphragm contractions at the site of prior hemiAection of the

spinal cord. rot, the fact that in similar experiments a section of
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the diaphragastic nerve at the oposites site caused the appearance

of the cross diaphragmatic phenomen n, this indicated a preser-

vation of t. cross 14ke during these intoxications. In cats

with a prior section of the spinal corl,ths Involvement picture

of botuline toxin differed noticeably from that observed in control

r animals. The operated animals, having received a fatal dose of

* toxin, lived until the 3rd to 5th day, while the control animals

died on the 2d day.

General clinical observations and mochanographic recordings

of the diaphragm contractions revealed that, in tVe early stages

of intoxication in oats infected with botulism, the cross dia-

phragaatic phenomenon was reproduced only according to the 8clasei-

ficatol7" technique and following the neurotomy of the opposite

diaphragmatic nerve. We observed in aforedescribed stages of the

paresis expressed in skeletal muscles and in experiments the 0
;.rseencs ,f contractions in, both cupulae of the d ' aphragm. Yet,

with the development of general paralyses (figure 2), the dia-

phrugmatic contractions dropped completely at the intact site,

while at the site of the hemisection of the spinal cord the dia-

phrsgm contractions continued for a long time (up to 2 days). Owing

to the compensatory mechanism of respiratinn, the operated animals

continued to live longer after the operation than the ^ontrol

animals. Thus, the experimental results abtained from 6eneralized

botulism indicated that a temporary delay in inoculation of a single

nucleus of .he diaphragmatic nerve, caused by a prior hemisection

of the spinal cord, permits this nucleus to function for a long

MiAe Oven with the background of a complete oxclusion of activity

0
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in other sections of the motor innervation in skeletal musclp.

This indicates that the cause of death in generalized botulism

Is not a paralysis of the respiratory centers, nor that of the

conduction paths, but a sharp depression in the activity of the

aotor Innervation in respiratory muscles.

An the analysis of respiratory disorders indicates in local

and generalized forms of bacterial neurointoxications, the mecha-

nisms of the paralytic action of botuljin toxin on rispiratory

muscles is obviously the same as in other sections of skeletal

muscles (8). It is essential to distinguish the development rules

of respiratory disorders in diphtheria and in tetanus from those

described under botulism, including, of course, a whole series of

links of the innervation apparatus. A clarification of these

0questions requires additional investigations.
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Sum•[ry Printed in 1ilis)

Using the cross diaphragmatic phenoaonon as an illustration,

the Authors demonstrated that respiratory paralysis in botulism

was oaused by depression of motor innervation function of respira-

tory muscles and not by the exolusion of the respiratory centero0

actlvity.

Disturbances of respiration in tetanus and diphtheria are

due to another, more complicated mechanism.
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